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The cooling for air conditioning or foodstuff refrigeration is ensured in most cases with compression
refrigeration machines which are high electrical energy consumers. They are responsible of much
greenhouse effects, especially when chlorofluorocarbons (CFCs), hydro chlorofluorocarbons
(HCFCs), or certain hydro fluorocarbons (HFCs) are involved as refrigerants due to their high global
warming capacities. A promising alternative to these systems is the use of absorption type
refrigeration machines. Indeed, these equipments provide a very low power consumption and allow
the use of refrigerants with quite low global warming potential as water, or ammonia which are
natural refrigerants. In tropical countries, solar energy can be associated for heat supply making the
technology more competitive and eco-friendly. In this paper a focus was made in the modelling of an
absorption machine using the water-lithium bromide (LiBr-H20) binary mixture withinsouthern
Beninese climatic conditions. The effect of the operating temperatures of the main elements of the
device on the coefficient of performance (COP) were analysed. The parameters that ensure optimum
performance have also been determined. The results showed that the efficiency of the internal heat
recovery heat exchanger and the temperatures (at the heater and the evaporator) have a significant
impact on the COP. The numerical study also made it possible to determine the temperature ranges
for which the absorption machine may provide good performances in tropical environments.
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INTRODUCTION

friendly with noimpact on the ozone layer and that have a
negligible greenhouse effect. Scientific and technological

Active cooling and comfort control in buildings have long
been considered a luxury in certain regions of the world. The
refrigerating machines used for this purpose are mainly
mechanical compression which requires a significant
expenditure of electrical energy. Moreover, these machines
generally use refrigerants for their operation, a number of
which contributes to the depletion of the ozone layer, and the
majority participates to global warming (Fan et al, 2007;
Rabah Touaibi et al, 2012; Srikhirin et al, 2001;
Chégnimonhan et al.,, 2010). Considering the adverse effects
on environmental of mechanical compression moved air
conditioning systems and their high consumption of electrical
energy, research and adoption of more environmentally
friendly and sustainable alternatives become a priority. This
includes the use of refrigerants that are more environmentally

investigations are of increasing interest in the development of
absorption refrigeration machines whose main advantages are
(Kherris et al., 2008):

e Low power consumption;

e The possibility of using "decarbonised" energies at the
heater by using solar energy or waste heat recovery;

e The adaptation of these equipments in hostile or
isolated environments because of the diversity of the
energy sources allowing its operation (solar, wood,
hydrocarbons, ...);

e The simplicity of operation and the robustness of this
equipment;

e Longevity, reliability and acoustic comfort related to
the rarefaction of moving parts.
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In sunny areas, absorption refrigeration systems can use the
sun energy at the heater to generate refrigerant vapour, which
constitutes a very attractive sustainable solution. In addition,
the demand for cooling is in line with the period when the solar
radiation is the most intense, thus increasing the interest to
move towards the use of absorption refrigeration systems.

Bibliographic studies

Romero et al. (2001) theoretically compared the performance
of a reversible absorption heat pump system for two mixtures
of fluid (LiBr-H,O) and (potassium, sodium and cesium
hydroxide). The results obtained showed that the coefficient of
performance is similar for the two mixtures. However, the
mixture of potassium hydroxide, sodium and cesium) allows
the equipment to operate with a wide temperature range of the
condenser and absorber. Saravanan et al. (1998) achieved a
numerical simulation of a vapour absorption cycle that uses
water as the refrigerant associated with 16 different
combinations of absorbent. The results revealed that the H,O-
LiCl mixture is preferable from the point of view of threshold
temperature and circulation rate, while the (H,O-LiBr + LiCI +
ZnCl,) mixture is better considering the coefficient of
performance of the system. Florides et al. (2002) constructed a
single-acting absorption machine operating with water-lithium
bromide (LiBr-H,0). They presented a method of evaluating
the performance of the machine. The calculated theoretical
values were compared with the experimental results for a small
absorption machine with a nominal capacity of 1 kW. The
results showed that the heat recovery between rich and poor
solutions significantly increases the efficiency of the machine.
Nizar et al. (2004) dynamically simulated two double-acting
absorption machines of different internal configurations
(parallel and series generators) with a power of 17.5 kW. The
results showed that the dual-effect absorption device with
internal configuration of a parallel heat generator (heater) is
more efficient than that with a generator in series. This paper
deals with the parametric study of the performances of an
absorption machine operating with the water-lithium bromide
pair (LiBr-H,0O). The purpose is to determine the parameter
ranges for optimal operation in warm tropical areas.

MATERIALS AND METHODS

Description of the thermodynamic cycle of an absorption
machine: The solar absorption machine chosen for the
simulation is a single-acting one, operating with Lithium
Water-Bromide (LiBr-H,O). The schematic flow diagram is
shown in Figure 1. The refrigerant (water) evaporates while
removing heat from the medium to be cooled (air conditioned
rooms). Water vapour is sprayed (10) on lithium bromide
being absorbed this way. This phenomenon is exothermic. The
fluid leaving the absorber is a ‘rich’ water-lithium bromide
solution (1). This rich solution is then pumped (2) through a
heat recovery unit (3) to the heater (vapour generator).In the
generator, the water-lithium bromide solution (LiBr-H,O) is
heated and boiled by the means of an external heat source to
release the refrigerant vapour (7). Thus, a concentrated
bromide solution poor in refrigerant (water) is obtained (4).
The poor solution returns to the absorber in the form of a spray
(6), flowing through the heat exchanger and an expansion
valve. The refrigerant vapour leaving the generator (heater) is
liquefied in the condenser (8), then flows to the evaporator
through the expansion valve (9).
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8 mf 4 l'l'1g 3 ma
Internal heat
exchanger
Expansion§§
valve 2 5 2
. Expansion Pump
of m¢ valve 1
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10 -
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Figure 1. Schematic flow diagram of an absorption machine
Method

To reach the goal of performing the parameter ranges for
optimal operation, the mathematical model of the absorption
machine was done and the different results were obtained from
the equation resolution of the model developed under the
Matlab / Simulink software. The result obtained made it
possible to analyse and study the influence of various
parameters on the efficiency of the system and on the
performance of each component of the machine. To study the
influence of a parameter, the latter was varied from a
predefined reference state while keeping the other parameters
constant. After establishing the energy balance of the system,
the comparison of the results of the simulation with data
collected in the literature was made. Then the influence of the
temperatures of the various components of the absorption
machine (generator, condenser, absorber, evaporator, heat
exchanger) on the operation of the system was analysed.

Theoretical analysis
Simplifying hypotheses
In the study, the following assumptions were considered:

e The pressure losses are negligible and the expansions
are isenthalpic;

e Variations in kinetic energy and potential energy are not
considered;

e The system is adiabatic (without loss or thermal gains)
and operates in a stationary dynamic regime;

e The temperature (Te) at the evaporator varies
depending on the load conditions but remains above 0 °
G

e The temperature (Tg) at the generator depends on the
heat source available;

e The vapour leaving the generator (7) and which
liquefies in the condenser exits in sub-cooled liquid (8).
The liquid then undergoes a ‘rolling’ in the pressure
reducing valve inducing a pressure drop (9) and reaches
the evaporator where under the effect of the heat of the
medium to cool, evaporates and leaves in (10) in the
vapour state. From point (7) to point (10), the fluid is
pure water. As a result, the concentration of lithium
bromide in this segment is =zero. Only the
concentrations of lithium bromide in the solution (LiBr-
H,0) at the points (1) to (6) are determined.
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Mass balance

At the absorber, two mass balance equations can be written:

(1)

g + 1, + m, = 0 ('mass balance on the solution)
M,. Xg — M, X, = 0 (mass balance onLibr)

Circulation rate of the solution (F): The circulation ratio (F)
can be defined as the ratio of the mass flow rate of the solution
through the pump to the mass flow rate of the working fluid
(Omer Kaynakli and Recep Yamankaradeniz, 2007). The ratio
is expressed in terms of concentrations as follows:

F=_t @)
F = XCX_CXd 3)
Where:

X, 1s the weight concentration of the Libr solution leaving the
generator toward the absorber and x4 is weight concentration
of the rich binary mixture leaving the absorber to reach the
heater.

An expression of m, and m, as a function of m; and the
different refrigerant mass fractions can be deduced as follows:

ri'1 — Qev
" hy—hg
XC
0= The 4
Ma i (Xc - Xd) ( )
L Xd
mg - me (Xc - Xd)

Saturated vapour pressure: The saturation vapour pressure of
the water at the inlet and outlet points of the machine
components can be determined by the Rankine formula
(Richard Taillet et al., 2009):

5120

Poor = exp 7~ 1) Q)

With Pg,: saturation vapour pressure of water, expressed in
atmosphere, T is the absolute temperature in K.

Enthalpy: The relation between enthalpy h, temperature T and
concentration x is given by (Lansing, 1976):

h(T,x) = apx® + a;x* + a,x? + (bex® + byx! + b,x*)T  (6)
a; and b; (i=0, 1, 2) coefficients are defined in table 1

Table 1. Values of a;, b; coefficients

i a b;
0 4281 1,01
1 -42592 -1,23

2 404,67 048

Enthalpy balances: Applying the energy balance to each
component interacting with the external environment leads to:

Qab + Qcond = Qev + Qgén+w (7)

Enthalpy balance at the condenser: At the outlet of the
condenser, the refrigerant becomes liquid and the energy
balance gives:

Qcond = mf(hs - h7) (8)

Enthalpy balance at the evaporator: The energy balance at the
evaporator writes:

Qev = rillf(hlo - h9) 9

Heat balance at the heater: The refrigerant is separated from
the solution due to the energy supply at the heater by an
external heat source. From Equations 3, 4 and 7, the heat
balance at the heater (water vapour generator) is formulated:

Qgen = Qab + Qcond - Qev -W (10)
. . ,Xgq.h
Qgen = mf(xcd_xi1 + hg —h; + hg — F.h;) (11)

Heat balance at the absorber: Through the absorber the
solution toward the generator becomes rich in refrigerant. The
heat balance gives:

Qab = 1’hghs + m¢h;y — myhy (12)
Power of the solution pump: The pump transports the solution
concentrated in refrigerant (rich solution) to the high pressure
heater. The pump is one the rare organ needing electrical
power with absorption machines. The power consumed is
obtained via the energy balance:
W= 1, (hy —hy) (13)
Coefficients of Performance (COP): From the previous

equations, the coefficient of performance COP can be deduced
(Feidt, 1996; Gomri, 2010):

COP = .QL.
QgentW

(14)
m¢(hyo—ho)
thhy +1hghy—thahs +ma(hy—hy)

COP =

(15)

Relative coefficient of performance (COP,,;,): The relative
coefficient of performance (or Carnot efficiency) is the ratio of
the coefficient of performance COP on the maximum
coefficient of performance COP,,40f the system obtained for
the reversible Carnot cycle (Lansing et al., 1976):

(COP)

COP4ti = (COP)max

amn

RESULTS AND DISCUSSION

In general, numerical simulation permit to model, analyse and
predict the behaviour of systems with accurate precision. In
order to simulate the behaviour of the lithium-bromide (LiBr-
H,O) single-effect absorption machine, the above formulated
equations are implemented using the Matlab software.

Validation of the results: Figures 2 and 3 show a comparison
of the computed coefficient of performance (COP) of the
machine and the circulation rate of the lithium bromide-water
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solution (LiBr-H,O) with those presented by Romero et al.
(2001), Saravanan et al. (1998) and Boutina ef al. (2012). The
rate of circulation of the aqueous solution in the machine
decreases with the increasing temperature at the heater. There
is indeed a better degassing of the refrigerant contained in
thesolution. The relative errors between the results of the
simulation and those of Saravana et al. (2001), and Boutina et
al. (2012) are respectively of 3% and 2%. The evolution of the
coefficient of performance (COP) as a function of the
temperature of the heat generator Tg is presented in Figure 3.
The coefficient of performance increases with the temperature
Tg. The maximum coefficient of performance of the machine
(0.7) is reached at the temperature Tg = 80 © C and remains
constant till Tg = 90 © C. This makes it possible to choose an
efficient operating temperature range between these two
values. The relative errors between the simulation and the
results by Romero et al. (1996) and Boutina et al. are
respectively of 1% and 2% (Boutina et al., 2012). Figures 4
and 5 illustrate the influences of the efficiency of the heat
exchanger (Eff) and the temperature of the generator (Tg) on
the coefficient of performance of the machine. A high
efficiency of the heat exchanger induces a high inlet
temperature of the solution at the heater. Thus, an efficient heat
exchanger provides better machine performance, as less energy
input is needed to produce the necessary refrigerant vapour
flownis. It can also be noted that for a temperature Tg higher
than 80°C, a better COP is obtained (with a value higher than
0.7). Thus a clear improvement of the COP appears with the
rise of the evaporation temperature Te, especially for the
values of Te greater than 6°C.
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Figure 2. Variation of the heater temperature (Tg) vs. the
circulation rate F, (Ta=35°C, T¢=35°C, Te=5°C and E4= 0%.)

Influence of condensation (Tc) and absorption (Ta)
temperatures on the coefficient of performance (COP):
Figures 6 and 7 show the variation of the coefficient of
performance COP as a function of the temperature of the
condenser Tc and the absorber Ta for increasing values of the
heating temperature Tg. There is an improvement (Figure 6) of
the COP for all Tg values above 80°C.

07 ),;ﬁi;;»?*"”g‘“i’
P
—#— Romero et al.
s -
s — 2 —Boutina et al.
#
0Bs _,;‘35 --%-—Simulation |
///
o
o e
O o6 ,P‘ 5
o]
7
J
4
0.55 J’j 4

osr ]

85 70 75 80 85 90
Temperature at the heater Tg (°C)

Figure 3. Variation of the coefficient of performance COP in
terms of the temperature at the heater Tg, comparison with
literature results (Ta=35°C, Tc¢=35°C, Te=2°C and E;= 0%)
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From theresults, an optimum condensing temperature range of
between 38° and 42 ° C can be deduced. On Figure 7, the COP
is greater than 0.7 when the temperature of the absorber is
between 30 and 36°C, for all the values of Tg tested. Thus the
suitable operating temperature of the absorber is located
between 30° and 36 ° C.

Influence of the generator (Tg) and evaporator (Te)
temperature on the coefficients of performances: An
improvement of the coefficient of performance COP obtained
with the increase of the generator temperature up to Tg = 90 °
C, in the same conditions, the coefficient of performance COP
remains stable at the value of 0.79 (Figure 8).The increase of
the relative coefficient of performance COP ratio with a
generator temperature up to Tg = 82 © C. For values of Tg> §2
° C, the relative coefficient of performance COP ratio
decreases. The maximum coefficient of performance COP max
increases with the temperature of the generator Tg.

Figure 9 shows:

- A marked improvement of the coefficient of
performance COP and the maximum coefficient of
performance COP max with the increase of the
evaporation temperature Te;

- A decrease in the coefficient of relative performance
COP ratio with the increase of the evaporation
temperature Te.

Influence of Absorber (Ta) and Condenser (Tc)
Temperatur on the COP, the COP and the Maximum
Coefficient of Performance (COP max): Figures 10 and 11
show the variation of the coefficient of performance COP, the
relative coefficient of performance COP ratio and the
maximum coefficient of performance COP max of the machine
as a function of the temperature at the absorber Ta and the
condenser Tc. The coefficient of performance COP and the
maximum coefficient of performance COP max decrease with
the rise of temperature at the absorber (Figure 10). This is
normal since the absorber device has to be cooled for the
proper absorption of water by lithium bromide;
the relative coefficient of performance COP ratio increases
proportionally with the temperature at the absorber up to
Ta=46°C.
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Figure 9. Variations of COP, COPratio, COPmaxin terms of
evaporation temperature Te (for Ta=40°C,Tc¢=40°C, Tg=90°C,
E=0.8)
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Figure 12. Heat capacities of the main elements of the absorption
machine as a function of the temperatures at the heater Tg (for
Eff = 0.8).

Figure 11 shows a decrease in the coefficient of performance
COP and the maximum coefficient of performance COP max
with the increase of the condensation temperature Tc. There is
a quasi linear growth of the relative coefficient of performance
COP ratio with the condensing temperature Tc up to 46 ° C.

Influence of the generator temperature (Tg) on the heat
flux at the main elements of the machine (heater,
condenser, absorber, evaporator): Figure 12 shows the
variation of the heat capacity of the main components as a
function of the heater temperature Tg. The increase of the
temperature of the heater Tg produces a growth of the thermal
capacity of the heater Qgen, the condenser Q.ong, the

absorber Q,;,, while thecooling capacity of the evaporatorQy,
remains constant.

Conclusion

Through this work, the influences of generator, condenser and
evaporator temperatures as well as the effect of heat exchanger
efficiency on system performance were studied. The deduced
operating temperature ranges for the lithium bromide-water
single-acting absorption-type machine are (80 ° C <Tg<90 ° C,
38°C <Tc<42°C,30°C <Ta<36°C and Te> 6 ° C). The
efficiency of the heat exchanger, the temperatures at the
generator and at the evaporator have an important impact on
the operation of the machine. Increasing the efficiency of the
heat exchanger significantly increases the coefficient of
performance COP of the machine.
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